Agriculture is harming its own future through soil degradation and pollution of the water that it generates. The different chemical analyses carried out on surface waters and the land surveys carried out in the Nakanbé basin have shown that agricultural practices contribute to water pollution. The monitoring of nitrate, ortho-phosphate and BOD 5 levels in the dams of Goinré, Ziga and Bagré during the period from August to December revealed that agricultural practices lead to variation in these parameters. The average values for nitrates are 0.833 mg/L in the Goinré fresh waterbody, 1.372 mg/L in the Ziga reservoir, and 1.267 mg/L in the Bagré fresh waterbody. As for ortho phosphate, mean values are 0.357 mg/L in the Goinré reservoir, 0.157 mg/L in the Ziga reservoir and 0.123 mg/L in the Bagré reservoir. These average values are higher than the norms established by Nisbet and Vernaux (1970) for eutrophication. Nitrates and orthophosphate are the elements that contribute to the eutrophication of water surfaces in the Nakanbé basin, although this eutrophication is of low intensity. Of all pesticides encountered in our study sites, 45% are registered by the Sahelian Pesticides Committee (CSP): 35% are nonaccredited and 20% are unknown in the global list authorized by the CSP in 2010.
Introduction
Subject to the climate variability, to population explosion and to the low soil fertility [1] [2] [3] , Burkina Faso agriculture is less productive. This agriculture is dominated by small family farms of 3 to 6 ha on average and by the use of rudimentary agricultural tools [4] . To meet the needs of this growing population, strong pressure is exerted on agricultural soils in order to obtain greater crop productions. This strong pressure on natural resources, due to the intensification of agriculture, always leads to a decreased level of soil fertility [4] . Through the clearing, excessive use of mineral fertilizers and the use of various types of plant protection products (pesticides), farmers intensively exploit their fields to the detriment of fallow. Agricultural intensification in Burkina Faso is concentrated mainly in the watersheds of the rivers, particularly those in the Volta, which are the suitable places for its development.
The Nakanbé basin is part of the upper basin of the Volta international river basin. Nakanbé is characterized by a high density of population (103 inhabitants/km Mining practice is one of the main sources of surface water bodies pollution, soils and plant contamination [6] [7] [8] . It should be noted the existence in the Journal of Water Resource and Protection we will look mainly at the case of farming activity (subsistence agriculture, irrigation in particular) and its consequences on the quality of surface water. Indeed, the Nakanbé basin is the place where human activities, mainly agricultural ones, pose a threat to the physicochemical quality of the waters [9] . This exploitation has serious consequences on soil and water resources due to poor agricultural practices. Soils that are overexploited without fertility maintenance actions degrade. Surface water is polluted by fertilizers and pesticide residues caused by runoff. All these aspects relate the negative impact that agricultural practices have on natural resources, particularly on water, and it is then necessary to dwell on them. In the other hand, the place of mining activities is showed here in the degradation of the quality of waterbodies and consequently on soils quality.
The hypothesis of this study is as follows: agricultural practices contribute to surface water pollution in addition to other pollution sources such as mining activities.
The main objective of this article is to demonstrate the level of pollution of three water bodies or reservoirs in the Nakanbé basin.
Materials and Methods

Framework of the Study
The study takes place in the Nakanbé national hydrographic watershed, which covers 60,337 km 2 and totally or partially covers seven administrative regions of Burkina Faso (13 regions compose Burkina Faso), namely Central Region, Central Plateau, Central East Region, Central South, Central North, Central West and Northern regions ( Figure 1 ).
Its surface of approximately 41,407 km 2 is drained by the Nakanbé, Massili, Koulipélé, Dougoulamondi, Tcherbo and Nouhao streams. The Nakanbé basin has about 889 reservoirs. Three artificial water reservoirs were chosen for this study: Goinré, Ziga and Bagré (Table 1) .
In terms of the typology of these reservoirs taking into account the capacity, the dam of Bagré is classified among the large dams with a height of 9 m, whereas that of Goinré is 4 m. Other characters distinguish them. They are located in different climatic zones and the use differs from one reservoir to another.
-The reservoir Goinré
Located in the province of Yatenga, at 5 km in the north of Ouahigouya, the Figure 1 . Localisation of study area and sampling points.
reservoir of Goinré has a capacity of about 1.9 million m 3 ( Figure 1(a) ). Included between the meridians 2˚27' and 2˚26' west longitude and the parallel 13˚37' and 13˚39' north latitude; it is a hydro-agricultural reservoir. The climate is of the Sub-Sahelian type one with a rainfall between 600 and 750 mm in a normal year [10] .
-The reservoir of Ziga It is located in the Province of Oubritenga ("Central Plateau" region) and lies between meridians 1˚11' and 1˚02' west longitude and parallels 12˚29' and 12˚46' north latitude (Figure 1(b) ). This reservoir is dedicated exclusively for drinking water supply of the capital Ouagadougou, with a capacity of 200 million m is between 1000 and 1050 mm, with a rainy season that lasts from 5 to 6 months.
Sampling
On each reservoir, four (4) sampling points were selected ( Figure 1 The statistical analyzes of the collected data were carried out using the XLSTAT-Pro software (version 7.5.2). The 5% error threshold was used for comparisons of the averages with the Student Newman-Keuls test (SNK).
Methodology of the Study
Results
Field Surveys
The results show that all the farmers around the three dams are male. The illiteracy rate is high with 76% in Goinré, 41% in Ziga and 65% in Bagré. In addition,
there is a lack of training in agriculture. The history of the plots shows that 100%
of the producers around the reservoir of Goinré, 75% around the reservoir of Ziga and 70% of the producers of Bagré work on parcels that they inherited from their parents. The rest of farmers work on plots that were fallowed.
Most of the rainfed crops are cereals (millet, maize, sorghum, rice). The market garden is practiced in the dry season and is mainly dominated by vegetables (tomatoes, cabbage, onions, cucumber). It takes place near water bodies, but the location of the plots depends on the previous rainfall. Some plots are on the bed of streams (Nakanbé) or bodies of water (Goinré). A high concentration of the practice of the market gardening is observed around the dams of Goinré and Bagré. Vegetable farming is prohibited in the vicinity of the Ziga reservoir in order to avoid pollution of the water; this surface water is mainly intended for drinking water supply, but there are vegetable producers who operate within the protection areas of the reservoir. In addition, gold-miners carry their ore on the banks upstream of the Ziga watercourse for the gravity treatment.
All producers continue to use daba (local hoe). To that we can add the plow with its different variants. Surveys revealed that 88.2% of producers use the cattletrucks at Goinré compared to 17.64% for the donkey-cart. In Ziga reservoir area, there is a high rate of utilization of the donkey-cart (70.56%) compared to the cattle trucks (23.52%). As for Bagré reservoir area, agricultural engines are more advanced in the rice perimeter. In addition to daba and plows, we notice the use of power tillers, harrows and tractors. Row planting is practiced by all surveyed producers.
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The Inputs Census revealed that a variety of pesticides are in use in the Na- 
General Characteristics of the Surface Water of Goinré, Ziga, and Bagré
The general physico-chemical characteristics ( Table 2) is to be found in the quality change of rainwater from runoff in contact with soil and agricultural waters. Rainfall is not turbid in August compared with the first very heavy rains and higher electrical conductivities (60 to 100 μS/cm).
The Table 4 pling is done using a zodiac and taken at a minimum of 30 cm depth of water body according to the recommended protocol [12] .
The surface water temperature is less than 29˚C whatever the time of measurement in situ. They are found for the water bodies of Bagré and Gouinré.
However, depending on the measuring equipment used, the pH meter or the conductivity meter, the levels of temperature is different. The thermometer seems to be less accurate than the conductivity meter. Thus if the temperature is SO 4 (mg/L) 250.00 6.00 6.00 6.00 2.00 2.00 2.00 2.00 2.00 2.00 4.00 4.00 2.00 2.00 2.00 2.00 2.00 2.00 red quickly with the pH meter, the level of the temperature is similar to the value given by the conductivity meter.
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The pH is slightly basic for the three cases. However, depending on the position of the sample, a lower pH value is observed at the spillway (1) compared to the banks (5 and 6). This seems to be related to the clayey content of surface water with a high turbidity on the banks.
The electrical conductivity is of the order of 82 to Ziga and Gouinré, tendered to Bagré, it seems weaker (77). The spillway seems to present less conductive water than the banks or the upstream.
Chemical and Organic Composition
Chemical analyzes (Table 5) (Figure 4(c) ), the BOD 5 contents decrease in all three periods. They ranged from 13.6 in August to 3.1 mg O 2 /L in December.
Cyanide and Metals Contents in Surface Water (Bagré, Ziga and Gouinré Reservoirs)
Total cyanide is in excess at Ziga and Bagré reservoirs and the concentration range from 0.11 to 0.23 mg/L. There is not a clear trend of high concentration depending on the sampling point; this result can show a high mobility of the pollutant.
About the heavy metals and metalloids levels; Arsenic (As), Lead (Pb), Aluminium (Al) and Total Iron (FeTotal) are most present at high levels in the larger reservoir of Ziga (As, Pb, Al) and Bagré (Pb). The gold ore is transported by the local miners to the large water bodies for washing or winnowing. The more difficult access to the banks, which are not frequented by populations, seem to be the zones where the concentration is more harmful.
The smaller reservoir of Gouinré does not indicate the presence of heavy metals at levels exceeding the WHO standards except in the border of the reservoir for FeTotal (Table 4 ).
Discussion
Agriculture is practiced by more than 80% of Burkina Faso population. This inheritance practice is transmitted from generation to generation. Producers continue to apply the practices they have received from their parents and this lead to a weak mechanization of agriculture. The lack of financial means is also a handicap for producers who continue to use traditional tools, using agricultural inputs in small proportions. The results of the survey show that the majority of producers continue to use daba (traditional hoe) for tillage. Added to this is the use of the plow with either the donkey-cart or the cattle track. This is the image of the whole country ( [12] ), asserts that the animal-drawn cultivation is highly appreciated by the farmers, as it saves time; and the use of daba is needed subsequently to improve plowing. That is why we have these results. For fertilizers, only NPK and urea were found as mineral fertilizers. Organic fertilizers are used with a strong application of manure (100% of producers surveyed in Goinré and Ziga compared to 80% in Bagré). Despite the availability of plant biomass, composting is poorly practiced. In the three study sites, the application of mineral fertilizers is mainly carried out on vegetable and rice crops; Organic amendments are applied to cereals in the rainy season. The application rates of fertilizers are varied. The absence of significant vegetation cover on the Nakanbé soils increases the rate of runoff. According to [14] , the runoff coefficient in the Nakanbé can reach The chemical parameters (nitrates, ortho-phosphates) and organic parameters (DBO5) of the three reservoirs have changed during the months of August to December. According to WHO drinking-water standards, nitrates are not responsible for pollution in the Goinré (0.833 mg/L), Ziga (1.372 mg/L) and Bagré (1.267 mg/L) dams. Nevertheless, in the month of August, the nitrate levels in Goinre and Ziga reservoirs are higher than above that of Bagré. This is due to the dumping of huge quantities of runoff through agricultural land upstream like it is encountered in other parts of the world [16] . The month of August is a period of heavy rain; then, the enormous quantities of rainwater that run off drain off the fertilizer residue from the fields to the water surfaces. For the Ziga and Goinré reservoirs, the decrease in nitrate levels from September to December in Journal of Water Resource and Protection Ziga and Goinré is due to the end of the rainy season. On the other hand, the growth of the nitrate concentration observed in the Bagré dam from August to December with a maximum of 2 m /L is due to the accumulation of water from upstream dams, of which reservoirs of Ziga and Goinré are included. In the water classification hierarchy according to [15] , for the nitrates, the waters bodies of Ziga and Bagré are placed in the class 2 (out of 6) and that of Goinré is in the class 1. Nitrates participate in eutrophication of the waters bodies of these reservoirs because their average values are higher than the standards established by Nisbet and Vernaux for eutrophication. The presence of nitrates in drinking water causes discomfort in human beings, particularly the methaemoglobinaemia found in bottle-fed children [11] .
Relatively low in the three reservoirs, the ortho-phosphate contents make it possible to estimate the degree of trophy of a body of water. The classification made by [15] places the waters of Bagré in class 3 (out of 6), Ziga waters in class 4 and that of Goinré in class 5. This indicates that ortho-phosphates contribute considerably to the eutrophication of the waters of these three dams. The waters of Bagré are moderately eutrophic, those of Ziga strongly eutrophic and those of Goinré polluted. Ortho-phosphates come mainly from the use of phosphate fertilizers in agriculture, industrial discharges and domestic discharges (human waste, detergents, washing products).
The nitrate levels obtained in the three dams are different from the results of [9] ; As for ortho-phosphate, our results are in conformity with those of [9] . Depending on the standards on eutrophication, nitrates and orthophosphates contribute to the eutrophication of water in Goinré, Ziga and of Bagré reservoirs, although this eutrophication is low. These values are in line with those of [17] , which places the reservoirs of Goinré, Ziga and Bagré in the zone of low eutrophication.
BOD 5 measures the amount of dissolved oxygen consumed by aerobic organisms to ensure decomposition of the organic matter contained in the water examined in a period of 5 days. The higher the BOD 5 is, the higher the amount of organic matter is present in the sample. For the authors [15] , the waters of Bagré are in class 3 (out of 3) where the situation is abnormal, and the waters of Ziga and Goinré are in class 2 with a questionable situation. These high levels of organic matter have a variety of sources. They come on the one hand from the droppings of aquatic living beings, and on the other hand from runoff from all sides. The action of the germs will lead to the degradation of this organic matter. It is this activity of decomposition which ensures the self-purification of waters. BOD 5 indicates that the organic matter is high in the three dams, but that of Bagré is higher. The phenomenon of self-purification of water contributes to a regulation of the rate of organic matter.
Conclusions
In the Nakanbé watershed, geological formations have high mineral and mining potentials (gold, silver, iron, bauxite, lead, cobalt, etc.) that allow the develop-Journal of Water Resource and Protection ment of extractive industries, both artisanal and large-scale. The visible negative impacts of mining activities are generally remarkable through 1) deforestation and loss of biodiversity, 2) loss of arable land, 3) pollution of water resources and land by Heavy metals and 4) progressive intoxication of the food chain and humans through the bioaccumulation process [18] . Then, in this context the chemical analysis in some samples of the numerous reservoirs in the Nakanbé one is to understand the impact of the mining and agricultural practices in the soils. Agricultural practices are not without consequences for the surrounding reservoirs and rivers. In the Nakanbé basin, monitoring of nitrate levels, orthophosphate and BOD 5 levels in the Goinré, Ziga and Bagré dams revealed that these parameters contribute to the eutrophication of these reservoirs. Although their values are relatively low, the quality of these waters must be controlled in order to avoid situations of irremediable pollution. The evolution of these different physicochemical characteristics of water resources has a direct consequence on the quality of water resources in this case, the reduction of its uses; which is a further challenge for the management of water resources due to the unavailability of the quality of water for certain uses. The causes of this decline in agricultural water quality are related to agricultural practices of resilience against climate change.
There is therefore a need to respect the precautionary principle regarding the innovations that we want to introduce for change and specifically with regard to water and to the environment.
By way of recommendations, we suggest that producers be better aware of good agricultural practices so that the environmental impacts of agriculture are known to all for good natural resource management. Strict control of the market for agricultural inputs (fertilizers and pesticides) and regular monitoring of water quality should be recommended in order to avoid disastrous situations.
